Obesity is related to office blood pressure (OBP). Important discrepancies exist between OBP and home blood pressure (HBP), providing complementary information for the management of hypertension. The association between obesity and HBP has not been investigated in children. The evidence on the role of obesity in the predominance of systolic blood pressure (SBP) over diastolic (DBP) in paediatric hypertension is limited. A total of 778 healthy subjects aged 6-18 years were recruited in this study. OBP and HBP were measured using electronic devices validated in children. Anthropometric measurements were measured and expressed as z-scores for height or age. Among all indices of obesity (z-scores), body mass index (BMI) showed the best association with BP. The effect of obesity (BMI) was more pronounced on: (i) SBP than DBP and (ii) H-SBP than O-SBP (O-SBP: r 2 ¼ 0.09, O-DBP: r 2 ¼ 0.05, H-SBP: r 2 ¼ 0.12, H-DBP: r 2 ¼ 0.06). The prevalence of systolic hypertension was higher than that of diastolic hypertension. This difference was significant only in office readings and independent from obesity (normal weight: 6.3% systolic hypertension versus 1.2% diastolic; obese: 37.9% versus 6.9%, Po0.05 for both). These data imply that in children and adolescents the z-score of BMI is the most appropriate index of the association between BP and obesity. It also suggests that obesity is probably more closely associated with home than office BP. Finally, although obesity appears to affect SBP more than DBP, these results suggest that the predominance of systolic hypertension in children and adolescents might not be only related to obesity but also to the measurement setting (office).
Introduction
In the western societies the prevalence of obesity in children and adolescents is dramatically rising since the past decades. This epidemic of childhood obesity has been associated with a parallel rise in the prevalence of high blood pressure as well as with future cardiovascular events in the adult life. [1] [2] [3] [4] [5] Therefore, a strong causal pathophysiological association between obesity and arterial hypertension in children has been suggested by epidemiological data showing that childhood obesity is associated with an approximately threefold increase in the risk of developing hypertension. 6 Conflicting data exist regarding the possible predominant effects of weight gain on office systolic blood pressure (SBP) rather than diastolic blood pressure (DBP) in children and adolescents. Some studies suggested that excessive body weight causes a comparative elevation in both SBP and DBP, [7] [8] [9] whereas others showed that weight gain increases SBP more than DBP. 10, 11 Moreover, studies in children and adolescents consistently showed a higher prevalence of systolic rather than diastolic hypertension. [12] [13] [14] [15] [16] For these reasons the association between weight (obesity) and the level of SBP and DBP level in children and adolescents needs to be further elucidated.
In such an investigation two main issues have to be taken into consideration. First, from the point of view of anthropometric parameters, these age groups are highly heterogeneous and therefore classic markers of obesity that are used in adults may be misleading. Secondly, there are only a few data regarding which is the best available marker of obesity in relation to BP. [17] [18] [19] [20] [21] Finally, office blood pressure (OBP) that is classically used for the evaluation of hypertension in children and adolescents may lead to misinterpretation of the true BP. 22 pressure (HBP) monitoring is an applicable and more reliable method for the evaluation of BP in children. 23 However, data on the association between HBP and obesity have not been reported yet.
The working hypothesis of this study was that HBP is superior to OBP in terms of its association with various indices of obesity. Therefore, the objective of this analysis is to investigate the association between BP and obesity in children and adolescents focusing on potential differences (i) between OBP and HBP and between SBP and DBP measurements and (ii) between different indices of weight/obesity regarding their association with BP.
Materials and methods

Design and population
This study is a part of the Arsakeion study, which was a prospective school-based study conducted from October 2004 to June 2005. 23, 24 The Arsakeion school is located near the centre of Athens and is attended by children mainly from middle-class families living all over the city. The study was designed to include 30 boys and 30 girls from each year of age from 6 to 18 years. Subjects suffering from any acute or significant chronic disease or on regular drug treatment including oral bronchodilators, corticosteroids, antibiotics, non-steroidal antiinflammatory drugs or any drugs known to influence BP in the last 2 weeks before entry to the study were excluded. 24 The primary objective of the study was to define the normal range of HBP in children and adolescents and these data have been published. 23, 24 Participants were invited to participate on a voluntary basis and their parents signed an informed consent form before entry to the study. The study protocol was approved by the Ethics Committee of the School of Medicine, University of Athens, the Scientific Committee of the Sotiria Hospital, Athens and the Filekpaideftiki Etaireia, ArsakeiaTositsia Schools.
The study was conducted in a quiet room within the building of the school. Two trained physicians used a questionnaire to obtain information regarding the medical history of participants and made measurements of BP, height, weight, waist and hip circumference. The participants' medical history and family history of hypertension was confirmed and completed through telephone communications with their parents.
Office blood pressure measurements were taken in two visits 1 week apart using an automated electronic (oscillometric) device (Omron 705 IT; Omron Healthcare Europe BV, Hoofddorp, The Netherlands), which had been previously validated for its accuracy in children and adolescents. 25 Three OBP measurements were taken after 5 min of rest in the sitting position with 1 min interval between measurements. Measurements were taken on the left arm, apart from left-handed children in whom measurements were taken on the right arm. Three cuffs of different sizes were available (inflatable bladder 9 Â 16, 13 Â 23 and 15 Â 30 cm) and were selected to fit the arm circumference of each individual (inflatable bladder to cover 80-100% of the individual's arm). The average of the second and third OBP reading of the two visits was used in the analysis.
Home blood pressure measurements were taken by the participants or their parents using the same device and cuff and on the same arm as for OBP measurements. The participants received a handout with instructions and a form to report all their HBP readings. The investigators contacted the participants' parents by telephone to ensure that the measurements will be properly performed. Older participants who preferred to self-monitor their HBP were instructed how to use the device and a test measurement was made in the office. HBP measurements were also printed by the device memory and were cross-checked with the readings reported by the participants. Duplicate HBP measurements were taken on 3 routine school days in the morning (after rising and before breakfast, 6:00-7:30 am) and in the evening (before dinner, 5:00-7:00 pm) (a total of 12 readings per participant) after 5 min of rest in the sitting position and with 1 min interval between readings. The average of all HBP measurements was used in the analysis.
Statistical analysis
Continuous variables are expressed as mean± standard deviation. Gender was expressed as male: 1 and female: 2; family history for hypertension was expressed as no: 0 and yes: 1. All the indices of obesity (weight, weight/height, body mass index (BMI), waist, waist/hip) were expressed as z-score (i) for age (strata of 1 year) and (ii) for height (strata of 10 cm) in the total study population. Consequently obesity was stratified on the basis of z-score in four groups: z-score 0.00-0.99: normal weight; 1.00-1.99: overweight; 2.00-2.49 moderate obesity; X2.50: severe obesity, as described by Cole et al. 26 Analysis of variance (ANOVA) was applied to compare mean values of HBP or OBP among these groups. Linear regression analysis (stepwise) was applied to determine the independent predictors of SBP and DBP for both home and office measurements. Two different models were used; model A was based on height and model B on age. In each model, gender and family history of hypertension were consistently introduced. Each index of obesity was introduced in models A and B twice; first expressed as z-score for height and second as z-score for age. w 2 test and McNemar test were used to compare the prevalence of systolic versus diastolic hypertension, between and within the various levels of obesity. A Po0.05 was considered as statistically significant. Statistical analysis was performed by SPSS 11.5 version software (SPSS Inc, Chicago, IL, USA).
Results
The descriptive results of this study have been published in detail elsewhere. 23, 24 In the present analysis, 754 subjects (338 boys) with mean age 12.2 ± 3.2 years and height 156.6 ± 17.4 cm were included. The distribution of the obesity indices is presented in Table 1 . The number of overweight, moderate and severely obese subjects for each index of obesity (z-score for height) is provided in Table 2 . BP (systolic and diastolic), both in the office and at home, progressively increased from the non-obese to the severely obese subjects (Po0.05), for all the indices of obesity except for waist/hip. Similar results were obtained when z-scores for age were used and when boys and girls were analysed separately (data not shown).
The predicting value of each index of obesity (z-scores for height) on BP's variability when height was used in the multivariate models (model A) is presented in Table 3 . These effects were independent of height, gender and family history of hypertension. Among all indices of obesity, BMI (z-score for height) showed the best predicting ability for SBP (both home and office) and home DBP increase; weight/height ratio (z-score for height) appeared to give the best association with office DBP elevation. Waist/hip ratio was consistently the weaker index of obesity for the prediction of BP elevation. Similar results were obtained when obesity z-scores for height were replaced by the corresponding z-scores for age (data not shown). Table 4 presents the predicting value of each index of obesity (z-scores for height) on BP's variability when age was used in the multivariate models (model B). These effects were independent of age, gender and family history of hypertension. Among all indices of obesity, BMI (z-score for height) showed the best predicting ability for SBP and DBP (both home and office). Waist/hip ratio was consistently the weaker index of obesity for the prediction of BP elevation. When obesity z-scores for height were replaced by the corresponding zscores for age, similar results were found (data not shown).
Height-based model (model A) gave consistently higher r 2 values than the corresponding values of age-based models (model B) (Tables 3 and 4) .
Additionally, Table 5 presents the independent role of height (model A), gender, family history of hypertension and BMI (z-score for height) in BP. Height was consistently the most important predictor of SBP increase (both office and home) as well as the most important predictor of office but not of home DBP. BMI (z-score for height) was the most important predictor of home DBP elevation and the second most important predictor for all other BPs. Girls were associated with lower home SBP than boys, but with higher office DBP than boys. Family history of hypertension was an independent predictor of home DBP.
The prevalence of hypertension (diastolic or systolic) increased significantly from low z-score (o1: normal weight) to moderate (1.00-1.99: overweight) and high z-score (41.99: obesity) for both home and office recordings (Figures 1a and b) . The prevalence of systolic hypertension was consistently higher than that of diastolic hypertension; however, this difference reached statistical significance for OBP but not for HBP measurements. Home blood pressure and obesity in children K Karatzi et al Home blood pressure and obesity in children K Karatzi et al
Discussion
To our knowledge, this is the first study that investigated the relationship between indices of obesity and HBP in children and adolescents and provided solid evidence that obesity is an independent determinant not only of OBP but also for HBP. Among all the available indices of obesity, BMI (expressed as z-score for height or age) proved to be the one that was consistently and more closely associated with OBP as well as HBP. Interestingly, the present data suggest that BMI was associated more with home SBP than office SBP. Finally, it was shown that in this population the prevalence of systolic hypertension was higher than that of diastolic hypertension. Interestingly, although SBP rather than DBP (in the office and at home) was consistently modulated more by obesity markers, the higher prevalence of systolic hypertension was observed in lean subjects as well.
The main difficulty of this study was to express the various indices of obesity independently from height or age, as all the classical indices of obesity are very strongly modulated by age and height in these age groups. Therefore, all the indices of obesity were expressed as z-scores in accordance with Cole's internationally accepted method. 26 This method was selected because it quantifies a variable as a deviation score around the mean for a given group (for example, age-group or heightgroup) and also transforms the skewed distribution to normal. In this particular study it allows to evaluate the effect of obesity on BP, independently from age or height, and furthermore, z-score has been widely applied in similar publications, permitting thereby direct comparison among different studies.
Therefore the z-scores of all obesity indices were calculated according to strata of: (i) 1 year of age and (ii) 10 cm of height, providing adjusted variables for age and height. This type of analysis showed, beyond any doubt, that the results of this study were reproducible independently from the selected multivariable model (age or height) as well as from the type of z-score (for age or for height). It should be also noted that because it was previously shown that height may reflect better than age the effect of growth on BP, we selected to present our results in z-scores for height, although similar results were found for z-scores for age.
The present data suggest that age/height adjusted obesity seems to be an important determinant not only of OBP but also of HBP. Three interrelated pathophysiological mechanisms have been proposed as the potential link between obesity and hypertension, namely: increased insulin resistance, increased sympathetic nervous system activity and alterations in vascular function and structure. 27 Whether any of these mechanisms play a more distinct role in HBP or OBP is not known. However, similarities and differences regarding the effect of obesity on HBP and OBP were observed.
Firstly, it was observed that the priority of order of obesity' markers to predict the variability of HBP and OBP was almost identical (z-scores of: BMI4 waist4weightXweight/height4waist/hip). Although there is no conclusive evidence answering the question about which obesity marker is more closely associated with the development of hypertension, our data are in accordance with earlier findings showing that BMI is more related to SBP and DBP than other commonly used markers (waist circumference, waist to hip ratio). 19, 21 However, these studies investigated OBP measurements, although there is no earlier study estimating the association of different obesity markers with HBP measurements in children. Moreover, this is the first study that compared all the previously mentioned markers of obesity and has expressed them as z-scores to overcome the problem of heterogeneity in body size observed from age 6 to 18 years.
Secondly, BMI (z-score) was consistently associated more with SBP rather than DBP at home or at the office. It has been shown that overweight, obesity and generally increased visceral accumulation are closely related to increased office SBP (but not DBP) in children, 10, 28, 29 whereas other studies have indicated that obesity is related with both increased office SBP and DBP. 7, 8, 30 The present results showed that obesity might explain in greater extent the variability of SBP (both at home and in the office) than that of DBP (r 2 0.092 and 0.122 for office and home SBP vs 0.055 and 0.056 for DBP, respectively; Table 2 ). However, a major discrepancy was that BMI (z-score) was a more important determinant of home than office SBP. This conclusion is supported by the fact that obesity explained a larger percentage of the variability of home rather than office SBP (r 2 : 0.122 vs 0.092 (model A) or 0.165 vs 0.106 (model B)).
To further elucidate the role of obesity in systolic and diastolic hypertension, recorded both at home and in the office, we compared their prevalence according to the level of BMI (z-score). This type of analysis (Figures 1a and b) verified: (i) the previously described predominance of systolic over diastolic hypertension in these age groups [12] [13] [14] [15] [16] and (ii) the important role of obesity on both systolic and diastolic hypertension. On the other hand it showed that: (i) although the prevalence of systolic hypertension was consistently higher than the prevalence of diastolic hypertension, this was clearly observed for OBP readings (reaching the level of statistical significance) but not for HBP readings, and (ii) that it cannot be totally attributed to the effect of obesity on BP, as it was observed in lean subjects as well.
Perspectives and limitations
The present results raised several issues regarding the potential effect of obesity on BP and the clinical significance of systolic hypertension in children and adolescents. Firstly, the present results verified the predominance of this phenotype in OBP readings; it was however less pronounced as far as HBP is concerned, implying that it might, at least in part, be attributed to the technique (home or office) of BP recording and to the well-described white coat effect in children as well. 30, 31 However the role of obesity needs to be further investigated as there is a close relation between obesity and: (i) the sympathetic nervous system hyperactivity, which contributes to the pathogenesis of isolated systolic hypertension in these age groups, 16 as well as (ii) the white coat phenomenon, which has high prevalence (6%) among obese youths. 30 Finally, another potential limitation of this study is the lower than expected prevalence of overweight and obese subjects (around 14%) and the size of the population. Although, a relatively large sample size was available in this study (almost 800 participants) the need to analyse the population according to age or height subgroups limited the statistical power of the study. However, the power for ANOVA comparison of BP values among obesity subgroups was 495% (Table 2) . Moreover, the lower than expected prevalence of obesity in this study might have underestimated the magnitude of the differences found, rather than leading to erroneous results, because both BP measurement methods (HBP and OBP) were obtained from the same subjects.
Secondly, in these age groups the actual clinical importance of the predominance of office systolic over office diastolic hypertension requires further prospective investigation (on the basis of target organ damage) and at present should be interpreted with caution. The natural history of hypertension as described by data from the Framingham study, 32 suggest that before the age of 50 years O-DBP is the best index to predict the associated cardiovascular risk, whereas SBP increases after the sixth decade of life due to the arterial stiffening. Moreover, the phenomenon of spurious systolic hypertension, that is, the disproportional increase of brachial SBP with low aortic SBP has been repeatedly described in youths. 33 This phenomenon is related to the complex arterial mechanical properties (wave reflections, their timing and anthropometric parameters that is, height) and it may be potentially explained by the presence of low pressure wave reflections in the presence of obesity. 34 Finally, it should be stated that the present results may have been modulated by (i) the fact that the normal ranges of HBP have been derived from the same population, 24 whereas OBP cutoffs are based on international guidelines; 35 and (ii) the fact that OBP thresholds are based on the auscultatory method compared with the oscillometric devices that were used in this study.
This study investigated for the first time the association between HBP and obesity in children and adolescents. BMI seems the best available index for investigating the impact of obesity on both HBP and OBP in these age groups. It was more closely associated with SBP than DBP, and especially with home than office measurements. However, the predominance of SBP hypertension in children and adolescents is not exclusively related to obesity, and its clinical relevance has to be further investigated.
